
i * 

.- 

. 

Goddard Space Flight Center 

LAURENCE E. PETERSON 
University of Minnesota 

, 

- JAN WARY 1966 
~ 

'GODDARD SPACE FLIGHT CENTER 
. -  GREENBELT, IUD. 

1 

/I -. ,N66 29460 
U C C E S a l O N  NUMBER1 . . 

> c (PAGES1 ICODEI 
L53Y 

' X  

e 

a9 2 

' 2  
(NASA CR OR TMX OR AD NUMBER1 (OITEGORY) 

/ 



A Search f o r  the Quiet Time Solar Gamma Rays 

From Balloon Altitudes* 

K. J. Frost and E. D, Rothe 

Goddard Space Flight Center 

Greenbelt, Maryland 

Laurence E. Peterson** 

University of Minnesota 

Minneapolis, Minnesota 

c * Submitted to the Journal of Geophysical Research 
* Presently with University of California, San Diego, at La Jolla, California, 

where this work was completed. 

- 1 -  



A Search f o r  t h e  Quie t  Time S o l a r  Gamma Rays 

From Bal loon A l t i t u d e s  

K. J. F r o s t  and E. D. Rothe 

Goddard Space F l i g h t  Center  

Greenbel t  , Maryland 

Laurence E. Pete.rson* 

U n i v e r s i t y  of Minnesota 

Minneapol is  , Minnesota 

*Presen t ly  with Un ive r s i ty  of C a l i f o r n i a ,  San Diego, a t  La J o l l a ,  

C a l i f o r n i a ,  where t h i s  work was completed. 

ABSTRACT 27 +O 
2 

A ba l loon  obse rva t ion  a t  3.5 gm/cm over  Minneapol is  on June 10,  1962 

has  r e s u l t e d  i n  upper l i m i t s  from t h e  q u i e t  sun of less t h a n  0.05 counts /  

cni2-sec over  t h e  range 160 t o  800 kev. 

t h o s e  p rev ious ly  a v a i l a b l e .  The d e t e c t o r  c o n s i s t e d  of a 3.4 cm d i a  by 

5.4 cm NaI c r y s t a l  surrounded,  excep t  f o r  a one s t e r a d i a n  forward a p e r t u r e ,  

by a 14.6 cm d i a  and 19.0 cm long C s I  c o l l i m a t i n g  s h i e l d  connected i n  a c t i v e  

ant i -coincidence.  The d e t e c t o r  was se rvo-con t ro l l ed  t o  observe  t h e  sun,  

180' i n  azimuth from t h e  sun, a s  w e l l  a s  v e r t i c a l ,  h o r i z o n t a l  and downward. 

The d i f f e r e n c e s  between t h e  r a t e s  p o i n t i n g  t o  and away from t h e  sun g i v e  

upper l i m i t s  f o r  t h e  s o l a r  f l u x  a t  a 95% conf idence  level of 0.058, 0.048, 

0.050, and 0.043 counts/cm2-sec-Mev over  t h e  163-325, 325-488, 488-651 , and 

651-774 kev range r e s p e c t i v e l y .  

a p e r t u r e  dur ing  t h e  f l i g h t  t h e s e  upper  l i m i t s  a l s o  apply  t o  t h a t  o b j e c t .  

This l i m i t  i s  c o n s i d e r a b l y  below 

S ince  t h e  Crab Nebula was i n  t h e  d e t e c t o r  
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Co=.t,-ection f o r  t h e  coun te r  e f f i c i e n c y  w i l l  g i v e  upper  l i m i t s  f o r  t h e  

t r u e  f l u x  somewhat h i g h e r  t han  the above numbers, depending on t h e  shape 

of t h e  photon spectrum. Observation of the d i f f u s e  background y-ray 

spectrum Over t h i s  range  due t o  cosmic-ray i n t e r a c t i o n s  i n  t h e  atmosphere 

gave a r e s u l t  of 0.72 counts/cm -sec-ster-Mev around 300 kev, i n  g e n e r a l  2 

agreement w i t h  p rev ious  results (Pe terson ,  1963). The a tmospher ic  l i n e  a t  

0.5 Mev due t o  p o s i t r o n  a n n i h i l a t i o n  was r e so lved .  

was a l s o  d e t e c t e d  and was  determined t o  be due t o  C s  137 from f a l l o u t  d e b r i s .  

The impl ied  a c t i v i t y  i s  8 2 x d i s i n t e g r a t i o n s  p e r  gm-sec, averaged 

A y-ray l ine  a t  660 kev 

from 70,000 t o  128,000 f e e t .  Addi t iona l  in format ion  p e r t i n e n t  t o  t h e  ap- 

p l i c a t i o n  of t h i s  d e t e c t o r  system t o  y-ray astronomy was obta ined .  

- 3 -  



I N T R O D U C n  ON 

The e x i s t e n c e  of a y-ray f l u x  from t h e  q u i e t  sun has  been t h e  s u b j e c t  

of a number of  t h e o r e t i c a l  and experimental  works which have been reviewed 

by Dolan and Faz io  (1965). Such a f l u x  m u s t  of course  be  t h e  r e su l t  of 

non-thermal e l ec t ron iazne t i c  and n u c l e a r  process  i n  t h e  sol  a r  corona,  

chromosphere, o r  t h e  upper l a y e r s  of t h e  photosphere,  and i t s  d e t e c t i o n  

would  t h e r e f o r e  be of cons ide rab le  a s t r o p h y s i c a l  s i g n i f i c a n c e .  Ttie obser -  

v a t i o n s  of X-ray arid y-ray b u r s t s  d u r i n g  s o l a r  f l a r e s  have r e s u l t e d  i n  

a d d i t i o n a l  i n t e r e s t  i n  t h e  q u i e t  t i m e  problem. I n  t h i s  paper  w e  wish t o  

r e p o r t  t h e  u p p e r  l i m i t s  r e s u l t i n g  from a s e a r c h  f o r  s o l a r  photons i n  t h e  

100-kev t o  2-Mzv range from a bal loon-borne ins t rument .  

De tec t ing  the weak y-ray f l u x e s  expec ted  poses a c o n s i d e r a b l e  e x p e r i -  

mental  problem. Even a t  extreme ba l loon  a l t i t u d e s ,  where t h e  s o l a r  y-rays 

above about  50 kev would be l i t t l e  a t t e n u a t e d  by t h e  r e s i d u a l  atmosphere,  

t h e  y-rays produced by cosmic-ray secondar i e s  r e s u l t  i n  cons iderable .  back- 

ground from o u t s i d e  t h e  s o l a r  d i r e c t i o n  (Pe te r son ,  1963).  Therefore ,  a 

d e t e c t i o n  system wi th  an e f f i c i e n t  c o l l i m a t o r  , an i n h e r e n t l y  low background, 

and an independent means of measuring t h i s  background i s  r equ i r ed .  The 

exper imenta l  t echniques  employed i n  t h i s  measurement w e r e  des igned  t o  meet 

t h e  above cr i ter ia .  

DETECTDR AND 1NSTR"MENTATION 

The d e t e c t o r  c o n s i s t s  of a NaI(T1) s c i n t i l l a t o r  counter  surrounded,  

excep t  f o r  a small  forward a p e r t u r e ,  by a CsI (T1)  c o l l i m a t i n g  s h i e l d  con- 

nec ted  i n  e l e c t r i c a l  an t i -co inc idence .  A s k e t c h  of t h e  d e t e c t o r  i s  in-  

c luded i n  F igure  1. The s h i e l d  i s  of s u f f i c i e n t  t h i c k n e s s  t o  a t t e n u a t e  
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y-rays from wide angles.  

such a s  l e a d ,  produce more y-rays than  t h e y  remove because of cosmic-ray 

P a s s i v e  c o l l i m a t o r s  made of h i g h  Z m a t e r i a l s ,  

i n t e r a c t i o n s  w i t h i n  t h e  abso rb ing  m a t e r i a l .  

coun t ing  r a t e  of t h e  c e n t r a l  crystal i n  t h e  s h i e l d  wi thou t  an t i - co inc idence  

A comparison of t h e  t o t a l  

w i t h  t h a t  o b t a i n e d  i n  t h e  atmosphere on p rev ious  measurements c l e a r l y  

demonst ra tes  t h i s  f a c t .  This d e t a i l  w i l l  be  d i s c u s s e d  i n  a l a t e r  s e c t i o n .  

The d e t a i l s  of t h e  d e t e c t o r  and some of i t s  p r o p e r t i e s  have been d e s c r i b e d  

p r e v i o u s l y  ( F r o s t  and Rothe, 1962). A curve  showing t h e  d i r e c t i o n a l  

r e s p o n s e  of t h e  d e t e c t o r  t o  Cs137 y-rays i s  shown i n  F igu re  2. me 

respoase ,  and t h e r e f o r e  t h e  c o l l i m a t i o n  e f f i c i e n c y ,  i s  of cour se  energy  

dependent t h rough  t h e  a b s o r p t i o n  c r o s s - s e c t i o n  f o r  C s I .  

2 The c e n t r a l  c o u n t e r  has  a forward a r e a  of 9.1 cm , a geometry f a c t o r  

2 
f o r  an i s o t r o p i c  f l u x  of 19.2 cm , and photopeak convers ion  e f f i c i e n c i e s  

of 23,  18 and 13 p e r c e n t  for 511, 662 and 1280 kev r e s p e c t i v e l y .  The 

i s o t r o p i c  geometry f a c t o r  of t h e  s h i e l d  c r y s t a l  i s  360 an , and the e€- 

fective t e l e s c o p e  f a c t o r  a t  660 kev i s  abou t  10 cm2 s t e r a d i a n .  

r e a s o n a b l e  e s t i m a t e s  can be made, t h e  d e t a i l e d  dependence of t h e  t e l e s c o p e  

2 

A i t i  o u ~ F  

f a c t o r  on photon energy  i s ,  a t  this t i m e ,  unknown. 

The b l o c k  diagram of t h e  ba l loon  i n s t r u m e n t a t i o n  is  a l s o  i n d i c a t e d  i n  

F i g u r e  1. 'Jbo n e a r l y  independent pu l se -he igh t  a n a l y s i s  schemes w e r e  en- 

ployed. 

was used t o  cover  the range  140 t o  800 kev. 

A g a t e d  p u l s e  s t r e t c h e r  which modulated a w i d e  band s u b c a r r i e r  

Over t h e  r ange  300 kev to 

2.2 MeV, a d i g i t a l  t echn ique ,  i n  which a coded word was t r a n s m i t t e d  f o r  

e a c h  e v e n t ,  was employed. I n  a d d i t i o n ,  o v e r a l l  count ing  r a t e s  w e r e  

moni tored  v i a  sca l e r - adde r  techniques on independent s u b c a r r i e r s .  Because 
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of m t i c i p a t e d  e f f ec t s  due t o  l a r g e  cosmic-ray events i n  t h e  s h i e l d ,  two 

an t i - co inc idence  p u l s e  l e n g t h s  were genera ted .  Events  g r e a t e r  t han  about  

130 kev e q u i v a l e n t  produced a 10 s-sec pu l se  w h i l e  e v e n t s  of about 3.5 Mev 

o r  l a r g e r  genera ted  a long  200 k s e c  ga te .  The t o t a l  deadt ime due t o  t h e  

sl i ie I d  was independent 1 y rnonit o r  ed . 
The e n t i r e  20-kilogram d e t e c t o r  was mounted i n  a gimbal led framework 

which could  be se rvo-con t ro l l ed  w i t h  r e s p e c t  t o  t h e  sun i n  e l e v a t i o n  and 

azimuth,  o r  locked t o  preprogranuned e l e v a t i o n  p o s i t i o n s .  'fie sun was 

sensed  w i t h  a s e r i e s  of a c q u i s i t i o n  and f i n e  eyes.  P o i n t i n g  and alignment. 

a c c u r a c i e s  were on t h e  o r d e r  of a degree ,  much less than  t h e  nominal 30 

h a l f  angle  of t h e  d e t e c t o r  response .  An independent  t a r g e t  eye  was pro- 

v i d e d  t o  v e r i f y  s o l a r  a c q u i s i t i o n .  

0 

'!&e d e t e c t o r  was mounted about  one t o  two f e e t  from condensed masses ,  

such a s  b a t t e r i e s ,  e l e c t r o n i c s ,  and se rvo  components. Under no normal 

p o i n t i n g  o r  p o s i t i o n i n g  sequence was t h e r e  any m a t e r i a l ,  o t h e r  t han  a f e w  

inches  of Styrofoam, w i t h i n  t h e  forward a p e r t u r e  of t h e  d e t e c t o r .  The 

tube  of t h e  c e n t r a l  d e t e c t o r ,  of course ,  does  l i e  w i t h i n  t h i s  s o l i d  ang le ,  

and c o n t r i b u t e s  about  6 gm/cm2 of aluminum, g l a s s  and p o t t i n g  m a t e r i a l s .  
\ 

BALLOON EXIGHT 

The ins t rument  was launched a t  0514 CST on 10 June 1962, reached 

c e i l i n g  a l t i t u d e  of 128,000 f e e t  a t  0740 CST, and f l o a t e d  n e a r l y  l e v e l  f o r  

8 hours .  De tec to r  pos i t i -on  was v e r t i c a l  u n t i l  110,000 feet  when a t i m e r  

i n i t i a t e d  t h e  p o s i t i o n i n g  sequences.  I n  t h i s  sequence t h e  d e t e c t o r  was 

po in ted  downward, v e r t i c a l  and h o r i z o n t a l ,  f o r  f i v e  minutes  each  t o  o b t a i n  

background information. 

was swung 180' from t h e  sun ,  w i t h  t h e  e l e v a t i o n  f i x e d  t o  the same angle  a s  

A f t e r  a c q u i r i n g  t h e  sun f o r  25 minu tes ,  t h e  de . t ec to r  

- 6 -  



t h e  p rev ious  a c q u i s i t i o n ,  f o r  20 minutes. S i n c e  a tmospher ic  background 

v-rays a t  extreme a l t i t u d e s  may depend on z e n i t h  ang le ,  b u t  u n l i k e l y  on 

azimuth, t h i s  provided  an exper imenta l  d e t e r m i n a t i o n  of t h e  background 

t o  be s u b t r a c t e d .  

i n d i c a t e d  i n  t h e  f l i g h t  p r o f i l e ,  F igure  3. 

proceeded as planned, and a l though t h e  s e r v o  o s c i l l a t e d  w i t h  a small  

ampl i tude  a t  t h e  t o r s i o n  f requency  of  t h e  suspens ion ,  t h e  t a r g e t  eye 

i n d i c a t e d  t h e  p o i n t i n g  e r r o r s  were.always less t h a n  about 3'. 

s e t t l i n g  of t h e  b a l l o o n ,  from 3.1 t o  3.8 gm/cm , produced a v e r y  small  

e f f e c t  which could  be neglec ted .  

E i g h t  such sequences occur red  d u r i n g  t h e  f l i g h t  a s  

The programming of t h e  f l i g h t  

The small  

2 

The o v e r a l l  r a t e s  of t h e  c e n t r a l  coun te r ,  i n  an t i - co inc idence  w i t h  t h e  

s h i e l d ,  are a l s o  shown in  F i g u r e  3. 

t h e  deadtime, shown a s  a f u n c t i o n  of atmosphere d e p t h  i n  F i g u r e  4. There 

i s  no  obvious d i f f e r e n c e  i n  t h e s e  r a t e s  when p o i n t i n g  toward and away f r o m  

t h e  sun, i n d i c a t i n g  t h a t  t h e  background and a tmospher ic  c o n t r i b u t i o n s  t o  

t h e  spectrum dominate t h e  s o l a r  flux. I n t e g r a l  r a t e s  ob ta ined  from t h e  

two d a t a  t r a n s m i s s i o n  systems d l f f e r e d  by a l a r g e  f a c t o r  a l though  prt 

sumably t h e  r e s u l t s  should b e  independent of t h e  e l e c t r o n i c  system beiiig 

used. me r a t e s  a s  a f u n c t i o n  of a tmospher ic  d e p t h  a l s o  p r e s e n t e d  a m o s t  

p u z z l i n g  set of d a t a ,  shown i n  Figure 5. 

in the s h i e l d  agreed  w i t h  t h a t  p r e d i c t e d  from the cosmic-ray f l u x ,  

number of small  e v e n t s  was many factors I a r g e r  t h a n  a n t i c i p a t e d .  

These r a t e s  have  been c o r r e c t e d  f o r  

Although t h e  r a t e  of l a r g e  e v e n t s  

t h e  

Return  of t h e  in s t rumen t  i n  e x c e l l e n t  c o n d i t i o n  t o  t h e  l a b o r a t o r y  

allowed an e x t e n s i v e  post-mortem t o  be conducted. I n s p e c t i o n  immediately 

- 7 -  



r e v e a l e d  t h a t  t h e  l o n g  an t i - co inc idence  s h i e l d  p u l s e  was i n a d v e r t e n t l y  l e f t  

d i sconnec ted  from t h e  h igh  r ange  pulse-he ight  ana lyze r  d u r i n g  t h e  f l i g h t .  

This  u n f o r t u n a t e  c i rcumstance  appa ren t ly  r e s u l t e d  i n  t h e  h igh  r a t e s  from 

t h i .  a n a l y ~ e r ,  t h u s  p r e c l u d i n g  t h e  u s e  of t h e  d a t a  from t h i s  channel  t o  ob- 

t a i n  1 ow background measuremcnts of t h e  s o l a r  spectrum a t  t h e  h ighe r  e n e r g i e s .  

Some anti-cc inc idence  i n e f f i c i e n c y  was expec ted  due t o  1 a rge  cosmic-ray 

e v e n t s  i n  the  s h i e l d ;  i t s  magnitude was comple te ly  u n a n t i c i p a t e d .  A series 

-)f  f u r t h e r  l a b o r a t o r y  s t u d i e s  have s i n c e  provided c o n s i d e r a b l e  added under- 

s t a n d i n g  of t h e  p r o p e r t i e s  of t h e s e  l a r g e  a c t i v e  an t i -co inc idence  s h i e l d s  , 
and have allotied i n t e r p r e t a t i o n  of t h e  r e w l t s  of t h i s  €1 i g h t .  

INTERPRE'J?AlTON OF THI C;OUNTING RATES 

Sea Level  S tud ie s  

Although t h e  cosmic-ray compocitio:i a t  s e n  l e v e l  i s  inaskedly d i f f e r e n t  

thaii  a t  high a l t i t u d e s ,  t h e  e f f e c t s  of l a r g e  ene rgy  losses i n  t h e  s h i e l d  

could  be i n v e s t i g a t e d  by u s i n g  sea- leve l  mesons. A minirnum i o n i z i n g  p a r t i c l e  

p a s s i n g  d i r e c t l y  through t h e  s h i e l d  c r y s t a l  and undergoing  energy  loss o n l y  

th rough  i o n i z a t i o n  and c o l l i s i o n  w i l l  lose  about  100 MeV,  'Ihe average  sea-  

level meson was found t o  l e a v e  a t o t a l  of about  0.04 microcoulombs of cha rge  

on t h e  anodes of t h e  p h o t o m u l t i p l i e r s  obse rv ing  t h i s  c r y s t a l .  The c u r r e n t  

p u l s e  a s s o c i a t e d  wi th  each e v e n t  c o n s i s t e d  of a v e r y  l a r g e  number of small  

e v e n t s ,  up t o  100 kev e q u i v a l e n t ,  superiuiposed on t h e  g e n e r a l l y  exponen t i a l  

t a i l  of t h e  event .  

seconds a f t e r  the i n i t i a t i n g  e v e n t ,  a r e  p o s s i b l  

long- l ived  phosphorescent s t  ites i n  t h e  c r y s t a l .  '.t'he l a r g e  cha rge  p u l s e  

cornpletely s a t u r a t e d  t h e  s h i e l d  c r y s t a l  photo tube  d i v i d e r  ne tworks ,  and t h e  

i n p u t  amp1 i f  iers ,  and rendered  f u r t h e r  a n t i - c o i n c i d e n c e  a c t i o n  imposs ib l e  f o r  

a t  l e a s t  100 microseconds a f t e r  a cosmic-ray e v e n t .  

These smal l  p u l s e s ,  which con t inued  f o r  about  100 micro- 

due t o  t h e  e x c i t a t i o n  of  9 
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nffects i n  t h e  S h i e l d  

Although t h i s  effect d id  n o t  cause s e r i o u s  an t i - co inc idence  i n e f f i c -  

i e n c i e s  a t  sea  l e v e l ,  t h e  r e s u l t s  a t  h igh  a l t i t u d e  can be i n f e r r e d .  H e r e  t h e  

even t  r a t e . d u e  t o  cosmic r a y s  i s  some 100 t i m e s  g r e a t e r ,  t h e  p a r t i c l e s  a r e  

most ly  pro tons  and heav ie s  which i n t e r a c t ,  and one may e a s i l y  imagine s t a r s  

i n  which hundreds of MeV a r e  i n s t a n t l y  l o s t  w i t h i n  the C s I  s h i e l d .  These 

l a r g e  e v e n t s  w i l l  produce many small  p u l s e s  over s e v e r a l  hundred microseconds,  

which w i l l  h a r d l y  have decayed away b e f o r e  the n e x t  l a r g e  event  occurs ,  about 

a m i l l i s e c o n d  l a t e r .  The r e s u l t  i s  t h a t  t h e  c r y s t a l  i s  s o r t  of glowing n e a r l y  

con t inuous ly ,  and producing small  events  a t  a r a t e  more p r o p o r t i o n a l  t o  t h e  

t o t a l  i o n i z a t i o n  loss  r a t h e r  than  t h e  i n d i v i d u a l  p a r t i c l e  numbers i n  t h e  c r y s t a l .  

This  conc lus ion  i s  s t r i k i n g l y  v e r i f i e d  i n  F igu re  5. H e r e  t h e  number of 1 a rge  

e v e n t s  i n  t h e  s h i e l d  (23.5 MeV) has  an atmospheric  t r a n s i t i o n  curve  which 

resembles  t h a t  of a s i n g l e  Geiger counter ,  wh i l e  t h e  t o t a l  number of e v e n t s  

g r e a t e r  t han  50 kev has  a dep th  dependence resembling t h a t  of an i o n i z a t i o n  

chamber. (Masley, e t  a l a  1962). 

A t  3.5 gm/cmz t h e  s h i e l d  r a t e  f o r  l a r g e  even t s  w a s  about  730 counts /sec.  

independent  of d e t e c t o r  p o s i t i o n  wi th in  about  5 per c e n t . '  Using a geometry 

f a c t o r  for  an i s o t r o p i c  f l u x  of 360 cm , t h e  f l u x  i s  2.1 cm-*-sec-', which 

is  i n  c l o s e  agreement w i t h  t h e  accepted v a l u e s  of. primary and secondary 

cosmic-ray p a r t i c l e s ,  a s  measured wi th  a Geigo,r coun te r ,  a t  t h i s  l a t i t u d e ,  

t i m e ,  and dep th  (Masley, e t  a l ,  1962). 

spectrum a b w e  3.5 Mev i s  appa ren t ly  less than  about  0.1 photons/cm2-sec 

2 

A t  t h i s  l o c a t i o n  t h e  i n t e g r a l  y-ray 

s i n c e  t h e  r a t e  can be accounted f o r  w i t h i n  s t a t i s t i c s  by charged p a r t i c l e s .  

The s h i e l d  r a t e  f o r  low energy events  was about  15,000 counts / sec  or 20 photons 

of 6 kev e q u i v a l e n t  o r  g r e a t e r  per  i n c i d e n t  cosmic ray .  

sec would be  expec ted  f r u n  atmospheric y-rays e x t e r n a l  t o  s h i e l d .  

Only about  4000 counts /  
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Rates  of t h e  C e n t r a l  Counter 

The i n t e g r a l  r a t e  of t h e  c e n t r a l  coun te r  above 300 kev w i t h  no a n t i -  

co inc idence  was 128 counts /sec.  O f  t h i s ,  about  40 counts / sec  would be due 

t o  charged cosmic-rays and 88 counts / sec  due t o  y-rays.  

r a t e  f o r  t h e  b a r e  c r y s t a l  i n  a i r  due t o  y-rays a t  t h i s  dep th  was about 

20 counts/sec.  S ince  t h e  s h i e l d  i s  a t  l e a s t  s eve ra l  phuton mean f r e e  p a t h s  

t h i c k  ovcr  m o s t  o€ t h e  energy  r ange  cons ide red ,  t h e  a tmospher ic  y - r a d i a t i o n  

which c o n t r i b u t e s  t o  t h e  ba re  c r y s t a l  r a t e  must be s t r o n g l y  a t t e n u a t e d  when 

it  impinges on the d e t e c t o r  from d i r e c t i o n :  o u t s i d e  t h e  e n t r a n c e  cone. 'fie 

y-ray count  r a t e  j u s t  quoted of t h e  c e n t r a l  c r y s t a l  wi th  no an t i - co inc idence  

i s  n e a r l y  a f a c t o r  of 5 h ighe r  t han  t h e  expec ted  b a r e  c r y s t a l  r a t e  and a h u t  

20  times I a r g e r  than  t h e  r a t e  ob ta ined  w i t h  complete an t i - co inc idence .  

f o r e  it seems r easonab le  t o  conclude t h a t  most of t h e  88 cc)unts/sec measured 

a r e  genera ted  i n  y-ray producing i n t e r a c t i o n s  of t h e  charged p a r t i c l e s  w i t h  

t h e  high Z s h i e l d  m a t t e r .  

The expec ted  i n t e g r a l  

'I'here- 

The l a r g e  r a t e s  of t h e  h igh  range  pulse-he ight  channel may now be i n t e r -  

p r e t e d  a s  due to y-ray product ion  i n  t h e  s h i e l d  by cosmic r a y s  d u r i n g  t h e  

i n t e r v a l  a f t e r  a l a r g e  even t  i n  which t h e  an t i - co inc idence  channel was 

i n e f f e c t i v e .  

deadt ime i s  p ropor t iona l  b o t h  t o  t h e  deadt ime and t o  t h e  r a t e ,  t h e  number 

of f a l s e  events v a r i e s  a s  t h e  squa re  of t he  r a t e ,  

observed abso rp t ion  l e n g t h  of t h e  coun t s  i n  t h e  h i g h  r ange  ana lyze r  f o r  

t h e s e  e v e n t s ,  shown i n  F i g u r e  5 ,  below t h e  t r a n s i t i o n  maxiinurn. This  l e n g t h  

i s  90 @/cm o r  h a l f  the accepted  v a l u e  of about  I80  gni/cm (Pe te r son ,  1963) .  

The absorp t ion  l e n g t h s  of t h e  remaining r a t e s  measured i n  t h i s  experiment  

w e r e  i n  genera l  agreement wi th  accepted  v a l u e s ,  a1 though some anomalous e f f e c t  

a p p a r e n t l y  occurred deep i n  t h e  atmosphere.  

S ince  t h e  p r o b a b i l i t y  t h a t  an e v e n t  occur s  w i t h i n  t h e  s h i e l d  

This  accounts  f o r  t h e  

2 2 

- 10 - 



I 
I A t  s e a  level t h e  i n t e g r a l  r a t e s  of t h e  a n a l y z e r s  w e r e  i n  agreement, and 

w e r e  presumably coun t ing  l o c a l  r a d i o a c t i v i t y .  A s  seen i n  F i g u r e  5, t h e  r a t e s  

dropped on ly  a f a c t o r  of two a f t e r  launch, and w e r e  r a t h e r  independent of 

dep th  f o r  s e v e r a l  hundred gm/m . 
ment a t  t h e s e  e n e r g i e s ,  t h e  r a t e  i s  obsemed  t o  drop  a f a c t o r  of 5 or 10 

immediately a f t e r  launch, and j o i n s  smoothly onto t h e  e x t e n s i o n  of t h e  

180 gm/cm cosmic-ray abso rp t ion  length.  To tes t  an assumption t h a t  t h e  

beckground of t h e  d e t e c t o r  was l i m i t e d  by i t s  own r a d i o a c t i v i t y ,  t h e  e n t i r e  

detector was p laced  i n  a 4-inch l e a d  h u t .  Although t h e  s h i e l d  spectrum 

dropped a f a c t o r  of 10 o r  s o ,  t h e  spectrum from t h e  c e n t r a l  coun te r  was re- 

duced o n l y  about one-half ,  e i t h e r  w i t h  o r  w i t h o u t  t h e  s h i e l d  an t i -co inc idence .  

The re fo re ,  a t  s ea  level p roduc t ion  i n  t h e  s h i e l d  by mesons i s  a p p a r e n t l y  a 

sma l l  e f f e c t ,  compared t o  l o c a l  r a d i o a c t i v e  background. 

w e r e  observed  i n  t h i s  r e s i d u a l  background spectrum, an o f f end ing  r a d i o a c t i v e  

i s o t o p e  could  n o t  be  i d e n t i f i e d ,  and t h e  assumption of a r e s i d u a l  r a d i o a c t i v e  

background w i t h i n  t h e  d e t e c t o r  i t s e l f  n u s t  be regarded  a s  u n v e r i f i e d .  "his 

background, whatever i t s  o r i g i n ,  c o n t r i b u t e d  about 20% to t h e  i n t e g r a l  r a t e  

a t  3.5 @/tan2 of t h e  c e n t r a l  c r y s t a l  w i t h  f u l l  an t i -co inc idence ,  and was 

t h e r e f o r e  n o t  e n t i r e l y  n e g l i g i b l e .  

2 
Usual ly ,  on an a tmospher ic  y-ray expe r i -  

2 1 -  

Since  no T r a y  l i n e s  

I n  summary, a t  f l o a t i n g  a l t i t u d e s ,  t h e  y-ray spectrum i n  t h e  c e n t r a l  

c o u n t e r  measured w i t h  the low range a n a l y z e r  c o n s i s t s  mos t ly  of cosmic-ra3 

produced a tmospher ic  y-rays either w i t h i n  t h e  forward a p e r t u r e ,  o r  which 

l e a k  through the C s I  s h i e l d .  

e f f e c t .  

i n  the CsI. 

high r ange  spectrum i s  due t o  s h i e l d  product ion .  

A s m a l l  background i s  c o n t r i b u t e d  by a r e s i d u a l  

A n e g l e c t a b l e  p o r t i o n  of t h i s  spectrum i s  c o n t r i b u t e d  by product ion  

Because of t h e  l o s s  of complete an t i - co inc idence ,  most of t h e  

S i g n i f i c a n t  d a t a  on t h e  
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s o l a r  spectrum may be expected only  from t h e  low range  ana lyze r  d a t a  and i n  

t h e  range  140 t o  800 kev. 

UPPER LIMIT SOLAR v-EL4Y SPECTRUM 

‘fie s p e c t r a  obta ined  a t  3.5 gm/cm* averaged over  t h e  e n t i r e  f l i g h t  a r e  

shown i n  F igure  6. Spec t r a  f o r  t h e  l o w  raqge ana lyze r  a r e  i n d i c a t e d  f o r  t h e  

v a r i o u s  po in t ing  p o s i t i o n s  where s i g n i f i c a n t  d i f f e r e n c e s  w e r e  ob ta ined .  

Apparent ly  a t  t h i s  dep th  the re  i s  a dependence on ~ e n i t h  angle .  A s  i n d i c a t e d  

p r e v i o u s l y ,  t he  d i f f e r e n c e s  t o  and away f r o m  t h e  sun were small .  These d a t a  

a r e  t h e r e f o r e  averaged t o g e t h e r  i n  F igu re  6 ,  and g ive  a background spectrum 

a t  an average z e n i t h  angle  of about  35O. 

over  a l l  p o s i t i o n s .  Cor rec t ions  f o r  channel wid th ,  and s h i e l d  and t e l e m e t r y  

deadt imes ,  have been appl ied .  These s p e c t r a  w i l l  be d i scussed  l a t e r  i n  t h i s  

paper  i n  terms of  cosmic-ray product ion ,  detector p r o p e r t i e s ,  and o t h e r  effects.  

The h igh  range  d a t a  a r e  averaged 

Iflien s u b t r a c t i n g  s p e c t r a  and u s i n g  t h e  d i f f e r e n c e  t o  o b t a i n  upper limits 

on t h e  s o l a r  f lux it is t a c i t l y  assumed t h a t  o t h e r  s t r o n g  sources  a r e  n o t  

w i t h i n  t h e  a p e r t u r e ,  e i t h e r  when observ ing  t h e  sun, o r  i n  t h e  180° background 

p o s i t i o n .  Furthermore,  it i s  assumed t h a t  t h e  background i s  indeed independent  

of azimuth. The Crab Nebula, which i s  now known t o  e m i t  s t r o n g l y  a t  e n e r g i e s  

t o  60 kev ( C l a r k ,  1965) was only 3 

acceptance  cone. On an i n t e r v a l  by i n t e r v a l  b a s i s  no s i g n i f i c a n t  d i f f e r e n c e s  

w e r e  ob ta ined  looking  t o  and away from the sun,  a s  i n d i c a t e d  i n  Table  I. A v e r -  

ag ing  over  t he  ent i re  800 kev range  a l s o  gave no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n t i a l  r a t e s ,  hence t h i s  experiment  can p rov ide  on ly  upper  l i m i t s  (xi t h e  

s o l a r  y-ray spectrum. These limits of t h e  coun t ing  r a t e ,  computed a t  a 

95% confidence l e v e l  a r e  shown i n  Table  I and F i g u r e  7 and of course a l s o  

0 from t h e  sun and t h e r e f o r e  we l l  w i t h i n  t h e  
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. 
apply  t o  Crab Nebula. F igu re  7 ,  by way of comparison, a l s o  i n d i c a t e s  t h e  

, d a t a  of o t h e r  experiments which gave results on t h e  sun. 

2 These upper l i m i t s  a r e  of the d i m e n s i o n a l i t y  counts/cm -see, uncor rec t ed  

f o r  e f f i c i e n c y ,  and a l low a d i r e c t  comparison w i t h  t h e  r e s u l t s  of prev ious  

work. C o r r e c t i o n  for e f f i c i e n c y  of a cont inuous  spectrum a s  measured he re  
, 

r e q u i r e s  s p e c t r a l  knowledge t o  the h i g h e s t  ene rg ie s .  I n  o r d e r  t o  provide  

c o r r e c t i o n s  l a s t r i n g e n t  upper  l i m i t  f o r  y-ray l i n e  emiss ion  i n  any range ,  

f o r  t h e  known p h o t o e f f i c i e n c y  may be a p p l i e d .  The results of t h i s  pro- 

I cedure  a r e  a l s o  i n d i c a t e d  i n  Table  I and F igure  7 ,  a t  a 95% conf idence  l e v e l ,  

and a r e  a p p r o p r i a t e  under t h e  assumption of no continuum, and no emiss ion  

a t  h i g h e r  e n e r g i e s ,  A r e a l i s t i c  upper l i m i t  on t h e  t r u e  photon f l u x  i s  some- 

where between t h e s e  sets of d a t a .  

The i n t e g r a l  r a t e ,  f o r  e v e n t s  g r e a t e r  t han  774 kev i n  energy d i d ,  however, 

g i v e  a p o s i t i v e  e x c e s s  of 0.25 f 020 counts /sec.  

i n t e g r a l  s o l a r  T r a y  f l u x  of 2300 kev of 0.024 f .002 photons/cm sec, uncor- 

This  would imply a p o s i t i v e  

2 

r e c t e d  f o r  coun te r  e f f i c i e n c y  and atmospheric  abso rp t ion .  Although t h i s  i s  

c o n s i s t e n t  w i t h  p rev ious  upper l i m i t s  c o n s i d e r a b l e  c a u t i o n  i s  i n  o r d e r  

because  of t h e  l a c k  of s p e c t r a l  information.  I n  f a c t ,  t h e  d i f f e r e n c e  i n  

r a t e  i s  most l i k e l y  due t o  a small a n i s o t r o p y  i n  low energy  cosmic r a y s  a t  

t h i s  a l t i t u d e .  

Measurements a t  somewhat lower e n e r g i e s  w e r e  made by F r o s t  (Lindsay, 

1965) and P e t e r s o n  (1965) on the OSO-I. 

ene rgy  r ange  obta ined  by Arnold and h i s  c o l l a b o r a t o r s  (Metzger ,  1964) on 

t h e  Ranger series a l s o  apply t o  t h e  sun. 

L imi t s  on cosmic y- rays  over t h i s  

These obse rva t ions  have i n  f a c t  

provided the lowest r e s u l t s  on t h e  p o s s i b l e  y-ray l i n e s  a t  0.5 and 2.2 Mev 

t o  d a t e .  These l i m i t s  a r e  0.01 and 0.005 photons/cm -sec ,  r e s p e c t i v e l y .  
2 
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2 T h i s  experiment  f i n d s  a d i f f e r e n c e  of  -0.003 0.008 photons/cm -see when 

s u b t r a c t i n g  t h e  0 .5  Mev f l u x  observed looking away from t h e  sun from t h a t  

f l u x  observed when poin ted  a t  t h e  s u n .  The d a t a  h e r e  y i e l d  an upper l i m i t  

a t  a 95% conf idence  level of 0.013 photons/cm -sec f o r  t h e  non- f l a re  s o l a r  

0 . 5  Mev f l u x .  

2 

The d a t a  a t  lower e n e r g i e s ,  i n  t h e  2 t o  20  kev r a n g e ,  a r e  from t h e  

r e c e n t  obse rva t ions  of C h o d i l ,  e t  a 1  (1965). Here continuum recombinat ion 

r ad iak ion  and thermal bremss t rah lung  may be  expec ted  ( E l w e r t ,  1961).  Shown 

i s  t h e  spectrum c a l c u l a t e d  f o r  a t h i n ,  h o t  g a s  a t  4 .5  x 10 K ,  n e g l e c t i n g  

recombinat ion and abso rp t ion  e f f e c t s .  Other r e c e n t  o b s e r v a t i o n s  of s o l a r  

X-rays have been publ i shed  by t h e  N R L  group (Acton, 1963) by Van Al lan  (1965) 

from t h e  I n j u n  I ,  and by Culhane (1964). Many of t h e s e  o b s e r v a t i o n s  ex tend  

below one kev, where l i n e  emis s ion  may dominate.  S i n c e  t h e s e  o b s e r v a t i o n s  

g e n e r a l l y  d i d  n o t  provide  d e t a i l e d  s p e c t r a l  measurements above 1 kev ,  t h e  

i n c i d e n t  energy i s  a s e n s i t i v e  f u n c t i o n  of the assumed wavelength  d i s t r i b u t i o n  

Both a r e  appa ren t ly  h i g h l y  v a r i a b l e  i n  t i m e .  It i s  n o t  t h e  i n t e n t  h e r e  t o  

provide  a c r i t i q u e  of  t h e s e  o b s e r v a t i o n s ,  b u t  mere ly  t o  i n d i c a t e  t h e i r  f l u x  

r e l a t i v e  t o  t h e  h igher  energy  photons d i scussed  i n  t h i s  work. L imi t s  on t h e  

q u i e t  and a c t i v e  sun i n  t h e  100 Mev range  have a l s o  been ob ta ined  by a number 

of workers .  (Kraushaar ,  e t  a l ,  1965).  

6 0  

Data  obta ined  h e r e  apply  t o  t h e  q u i e t  sun.  N o  o u t s t a n d i n g  f l a r e  o r  

r a d i o  e v e n t s  f o r  10 June 1962, w e r e  r e p o r t e d  (U. S.  Dept .  Commerce, Nat. B u r .  

S t a n d a r d s ,  1962). During s o l a r  f l a r e s ,  f l u x e s  i n  t h e  t e n  t o  htindred kev 

range  having  i n t e n s i t i e s  s e v e r a l  o r d e r s  g r e a t e r  t h a n  t h e s e  l i m i t s  have been 

observed.  
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UPPER LIMITS OF CRAB NEBULA GAMMA RAYS 

A s  ind ica ted  previously,  t h e  Crab Nebula was wi th in  the d e t e c t o r  aper ture  

on t h e  f l i g h t  d a t e  of June 10 ,  1962. Since no s i g n i f i c a n t  f l u x e s  w e r e  ob- 

ta ined  above background when poin t ing  i n  t h e  s o l a r  d i r e c t i o n ,  t h e  upper l i m i t s  

on t h e  counting r a t e  obtained f o r  the sun a l s o  apply t o  t h e  Crab Nebula. These 

l i m i t s ,  along wi th  t h e  X-ray spec t ra  reported by Clark (1965) a r e  shown i n  

Figure 8 .  The r e s u l t s  obtained here  a r e  c o n s i s t e n t  with h i s  work. and extend 

t h e  l i m i t i n g  spectrum to near ly  one MeV. Also shown a r e  the measurements a t  

lower energies  obtained by t h e  NRL group (Bowyer, et a l ,  1964). Other re- 

s u l t s  i n  the v-ray region f o r  t h e  Crab Nebula have been reported i n  a recent  

n o t e  by Gould (1965). 
2 

A’I’FIOSPHERIC y-RAY BACKGROUND AT 3 . 5  GMS/CM 

I n  order t o  perform a y-ray astronomy experiment from bal loon a l t i t u d e s  

t h e  response of t h e  d e t e c t o r  t o  t h e  i n t e n s i t y ,  spectrum and angular d i s t r i -  

bu t ion  of atmospheric v-radiat ion must be understood. For a d i r ec t iona l .  de- 

t e c t o r  wi th  a given f i e l d  of view and n e g l i g i b l e  inherent  background, t h e  

r e s i d u a l  atmospheric \,-radiation above t h e  d e t e c t o r  obviously sets an unvoid- 

a b l e  l i m i t  on t h e  magnitude of e x t r a - t e r r e s t r i a l  f l u x e s  t h a t  can be detected 

i n  a given per iod of observation. 

A s  ind ica ted  previously,  spectra  from the low-range analyzer ,  shown i n  

Figure 6 ,  r e s u l t  mostly from atmospheric v-rays produced by cosmic-ray i n t e r -  

a c t i o n s  o u t s i d e  t h e  d e t e c t o r .  These photons o r i g i n a t e  from t h e  degraded 

products  of meson decays, which build up t o  form a s t e e p  spectrum a t  low 

e n e r g i e s  v i a  m u l t i p l e  Compton s c a t t e r i n g  ( V e t t e ,  1962) (Peterson, 1963). 

The s p e c t r a ,  averaged over t h e  e n t i r e  f l i g h t ,  shows small but s i g n i f i c a n t  

d i f f e r e n c e s  for  t h e  var ious point ing p o s i t i o n s .  Measurements of an iso t ropies  

- 15 - 



i n  y - r a y s  a t  t h e s e  d e p t h s  have n o t  been at tempted p r e v i o u s l y .  P e t e r s o n ' s  

o b s e r v a t i o n s  (1963) a t  t h i s  l o c a t i o n  w i t h  a 4~- geometry i n d i c a t e  some 

a n i s o t r p p y ,  s i n c e  a dep th  dependence of 6 percent/@-cm , d e c r e a s i n g  toward 

z e r o  dep th  was ob ta ined .  

-2  

Even under t h e  assumption o f  uniform p roduc t ion  per grain of a i r  w i t h i n  

a photon mean f ree  path of t h e  d e t e c t o r ,  a z e n i t h  ang le  dependence i s  

expected a t  3 . 5  gm/cm2 because of t h e  f i n i t e  sou rce  t h i c k n e s s  when t h e  

dc>l-clctor i s  po in t ed  o u t  of t h e  atmosphere.  This  e f f e c t  i s  of t h e  c o r r e c t  

magriifxde for t h e  d i f f e r e n c e s  i n  F i g u r e  6.  

s h a a i ,  i s  i d e n t i c a l  t o  t h a t  l ook ing  down. The p o s s i b l e  i s o t r o p i c  cosmic 

y-ray f l u x e s  i n d i c a t e d  by t h e  Ranger d a t a  (Metzger,  1964) can c o n t r i b u t e  o n l y  

about 15  per c e n t  t o  t h e  v e r t i c a l  r a t e s  a t  150 kev ,  and less a t  h i g h e r  

e n e r g i e s .  

The spectrum a t  90°. which i s  n o t  

N o  changes were noted i n  t h e  shape o€ t h e  spectrum a s  a f u n c t i o n  o f  

p o i n t i n g  p o s i t i o n .  The 0.5 Mev l i n e ,  due t o  p o s i t i r o n  a n n i h i l a t i o n .  i s  

c l e a r l y  r e s o l v e d ,  and h a s  a va lue  of 0 . 5  coun t s / sec .  I f  t h e  e f f i c i e n c i e s  of 

t h e  an t i - co inc idence  s h i e l d  and t h e  c e n t r a l  c o u n t e r  w e r e  l oo%,  t h e r e  were no  

a b s o r p t i o n  i n  the forward a p e r t u r e ,  and no s p u r i o u s  background, d i v i d i n g  t h i s  

r a t e  by the approximate t e l e s c o p e  f a c t o r  of 10 c m  - s t e r a d i a n  would g i v e  t h e  

f l u x .  "lie v a l u e  ob ta ined  i s  about  0.05 photons/cm - s e c - s t e r a d i a n .  or w i t h i n  

a f a c t o r  of two of t h e  0.025 & .002 measured p r e v i o u s l y  by Pe te r son  (1963) .  

The f i r s t  assumption beg ins  t o  f a i l  a t  energ ies  above about  300 kev ,  t h e  

second a t  lower e n e r g i e s .  A s  i n d i c a t e d  p r e v i o u s l y ,  about 20% of the r a t e  

above 300 kev was due t o  an unknown background e f f e c t .  However, t h i s  e f f e c t  

and s h i e l d  leakage were a p p a r e n t l y  i n s u f f i c i e n t  t o  mask t h e  small  a n i s o t r o p i e s  

d i scussed  above. 

2 

2 
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Figure  9 shows the d i f f e r e n t i a l  photon spectrum (between 130 and 700 kev) 

uncor rec t ed  f o r  e f f i c i e n c i e s  and abso rp t ion .  P rov id ing  none of t h e  above 

assumptions a r e  se r io l l s ly  i n  e r r o r ,  t h i s  i s  a measure of t h e  photons produced 

2 
by cosrnic r a y  i n t e r a c t i o n s  a t  3.5 gm/cm and 1. = 5 5 O  magnet ic .  A prev ious  

measurement of t h e  i s o t r o p i c  f l u x  a t  t h i s  l o c a t i o n ,  bu t  a t  6 gm/cmL, h a s  been 

made by Pe te r son  (19631, w i t h  a 2" by 2:'' phoswich s c i n t i l l a t i o n  coun te r .  

d e p t h  dependence a l lows  a c o r r e c t i o n  t o  3.5 gm/cm , and s i n c e  t h e  f l u x e s  a r e  

r easonab ly  i s o t r o p i c ,  t h e  experiments  may be d i r e c t l y  compared s i n c e  the 

c o u n t e r s  have s i m i l a r  e f f i c i e n c i e s .  T h i s  comparison i s  a l s o  shown i n  F i g u r e  9 

These meaa;.irements compare w e l l  wi th  P e t e r s o n ' s  f l u x e s  a t  low e n e r g i e s ,  bu t  

a r e  above t h e  p rev ious  o b s e r v a t i o n s  a t  h ighe r  e n e r g i e s ,  m o s t  l i k e l y  because 

of t h e  f i n i t e  s h i e l d  t h i c k n e s s .  

The 

2 

Another f e a t u r e  of t h e  spectrum i s  t h e  appa ren t  l i n e  between 600 and 

700 kev. T h i s  l i n e ,  which was n o t  observed by Pe terson  (1962). f i t s  w e l l  

both i n  p o s i t i o n  and r e s o l u t i o n  wi th  s e a - l e v e l  c a l i b r a t i o n s  us ing  t h e  

660 k e v  C s  

a t  h ighe r  p u l s e - s i z e  r e s o l u t i o n  than i n d i c a t e d  i n  F igure  6. This  l i n e  was 

n o t  p r e s e n t  du r ing  sea - l eve l  background r u n s ,  a s  p rev ious ly  d i s c u s s e d ,  e i t h e r  

b e f o r e  o r  a f t e r  t h e  f l i g h t ,  al though a f l u x  a t  t h e  level observed would have 

been e a s i l y  d e t e c t e d  du r ing  t h e s e  tests. S i n c e  t h i s  f e a t u r e  of the spectrum 

cannot  be a t t r i b u t e d  t o  contaminat ion of  t h e  d e t e c t o r ,  i t  must  be a p rope r ty  

of the atmosphere.  

137 
y-ray l i n e .  This  conclus ion  was v e r i f i e d  by doing  a r e d u c t i o n  

Among t h e  f i s s i o n  p roduc t s  of atomic-bomb d e t o n a t i o n s  i s  t h e  i s o t o p e  

cs 137 (Gus tafson ,  e t  a l ,  1962).  

was l i f t e d  by t h e  USSR w i t h  a test series i n  September-October 1961. 

The morator ium, which had been i n  e f f e c t  

- 17 - 



Anderson (1965) h a s  r e p o r t e d  ba l loon  o b s e r v a t i o n s  of n u c l e a r  d e b r i s  from 

t h e s e  t e s t s .  The USA cont inued low y i e l d  d e t o n a t i o n s  i n  the  w i n t e r  of 1962 

€rom the  Nevada s i t e ,  and commenced an e x t e n s i v e  s e r i e s  from the  P a c i f i c  s i t e  

d u r i n g  A p r i l ,  May and June of 1962. Th i s  ser ies  was c l o s e d  w i t h  the  famous 

S t a r f i s h  de tona t ion .  Although the  d e t a i l e d  t r a n s p o r t ,  d i f f u s i o n ,  and 

r e s i d e n c e  of d e b r i s  at very  h igh  a l t i t u d e s  i s  no t  completely understood,  i t  

seems p o s s i b l e  a d e t e c t a b l e  amount might be found i n  t he  s t r a t o s p h e r e  ove r  

Minneapolis on June 10, 1962. 

p o s i t i o n s ,  the sourc%e m u s t  extend t o  we l l  above 130,000 f e e t .  The range of 

t h e  p ro tons  p e r m i t s  measurements when p o i n t i n g  down t o  about 70,000 f e e t ,  

depending o r 1  t h e  a c t i v i t y  leve  1. 

S ince  the  C s  13’ l i n e  was measured i n  a l l  

The counting r a t e  of  the  Cs13’ l i n e  w a s  about 0.14 0 , 0 3  c o u n t s / s e c .  

Th i s  menrls the source s t r e n g t h  w a s  0.008 J 0.002 d i s i n t e g r a t i o n s l g m - s e c  o r  

2.2 i (J.5 x curies/gm. a t  100,000 f e e t .  T h i s  may be compared with 

measurements r e p o r t e d  by Gustafson,  e t  a1 (1965) of 4.7 x 10 Curies/gm 

a t  68,000 f e e t  o v e r  Thule,  Greenland on 14 September 1962. A m e a s u r e m e n t  

was made by Anderson (1965) of 5 x cur i e s /gm a t  61,000 ove r  F l i n  F l o n ,  

Canada on 2 October 1962. 

- 10 

SUMMARY 

This  experiment h a s  r e s u l t e d  i n  n e w  upuer l i m i t s  o n  t h e  s o l a r  f l u x  a t  

t h e  e a r t h  over the  range of 160-800 kev. An upper  l i m i t  of cbout 0.05 

L photons/cm - s e c  wi th in  t h i s  range was measured. The q u i e t  time f l u x  lealcing 

from t h e  s o l a r  s u r f a c e  must then be less than  a b o J t  200 photons/cm2-sec o v e r  

t h i s  energy range. T h i s  p u t s  a l i m i t  on such p r o c e s s e s  as n u c l e a r  r e a c t i o n s  

- 18 - 



i n  t h e  s o l a r  chromosphere and photosphere,  e l e c t r o n s  t rapped  i n  weak s o l a r  

f i e l d s  and p r e c i p i t a t i n g  i n t o  t h e  solar s u r f a c e ,  and s low o r  cont inuous  

a c c e l e r a t i o n  i n  chromosphereic f i e  Ids .  

Informat ion  w a s  a l s o  obta ined  on t h e  a p p l i c a t i o n  of a c t i v e  a n t i - c o i n c i -  

This i n s t r u m e n t a l  dence s h i e l d s  as a c o l l i m a t i n g  device  f o r  y-r:r:, astronomy. 

technique  i s  ve ry  e f f e c t i v e  i n  reducing  y- ray  background i n  a r a d i a t i o n  

environment where t h e  sou rce  s t r e n g t h  i s  l a rge .  

0 

I n  t h e  in s t rumen t  used i n  

t h i s  measurement, most of t h e  counts ,  a t  l e a s t  n e a r  300 kev, were due t o  

product ion  i n  t h e  matter and atmosphere w i t h i n  t h e  forward a p e r t u r e  of t h e  

ins t rument .  This  a l lows  a sea rch  f o r  y - r ays  from a known p o i n t  o b j e c t  t o  be  

accomplished a t  h igh  s e n s i t i v i t y  by s u b t r a c t i n g  t h e  r e s u l t s  of  an independent 

background obse rva t ion .  I n  t h i s  experiment ,  a s t a t i s t i c a l l y  determined l i m i t  

f o r  s o l a r  y - r a y s  of about  5% of t h e  to ta l  background rate w a s  ob ta ined .  
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2. 

3 .  

4. 

5.  

F igu re  Capt ions  

De tec to r  and block diagram of t h e  

f o r  low-energy s o l a r  y- rays .  The 

a ~ d  an acceptance  cone of about  1 

i n s t r u m e n t a t i o n  used i n  a s ea rch  

d e t e c t o r  had an  a r e a  of 9 . 1  c m  

s t e r a d i a n .  Two independent  pu lse-  

2 

h e i g h t  d a t a  t r ansmiss ion  systems were employed. 

Pleasured angular  response  of the d e t e c t o r  t o  C s  y - rays .  The 
137 

r e sponse ,  p a r t i c u l a r l y  a t  w i d e  ang le s ,  i s  dependent on photon energy .  

The p r o f i l e  of t h e  ba l loon  f l i g h t .  Upon r each ing  a l t i t u d e ,  t h e  

d e t e c t o r  went through a p o i n t i n g  sequence each hour t o  provide  i n f o r -  

mat ion r equ i r ed  t o  c o r r e c t  f o r  atmosphere y-ray background. There i s  

no obvious s o l a r  f l u x .  The high r a t e s  of t h e  d i g i t a l  ana lyze r  occurred 

because of t h e  p a r t i a l  loss  of t h e  an t i - co inc idence  g a t e .  

The  deadtime d u e  t o  cosmic-ray events  i n  t h e  shield a s  a f u n c t i o n  of 

a tmospheric  depth .  This  was independent ly  measured, and i s  due t o  

t w o  e f f e c t s ,  many small  p u l s e s  with a s h o r t  deadt ime and l a r g e  cosmic- 

r a y  even t s  w i t h  a long deadtime. 

The r a t e s  of v a r i o u s  count ing  func t ions  a s  a f u n c t i o n  of a tmospheric  

dep th .  Most of t h e  r a t e s  i nd ica t ed  a cosmic-ray type  t r a n s i t i o n  

maximum, and an a b s o r p t i o n  length of  180 gm/cm deep i n  t h e  atmosphere.  

The dep th  independent  r a t e  of t h e  c e n t r a l  counter  i s  appa ren t ly  due t o  

an  undetermined background e f f e c t ;  t h e  s t e e p  s l o p e  measure by t h e  

high range  ana lyzer  i s  due t o  y-ray product ion  i n  t h e  C s I  s h i e l d  when 

the an t i - co inc idence  w a s  i n e f f e c t i v e .  

2 
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7 .  

1. 

9 ,  

F i g u r e  Capt ions  (Continued) 

The spectrum, c o r r e c t e d  f o r  deat imes and channel  w i d t h s .  A smal l  

d i f f e r e n c e  i s  no ted  due t o  z e n i t h  ang le  e f f e c t s ;  t h e  d a t a  t o  and away 

from the sun a r e  averaged t o g e t h e r .  The l i n e  a t  0 . 5  MeV, d u e  t o  

p o s i t r o n  a n n i h i l a t i o n  both  i n  t h e  a i r  and i n  t h e  C s I  s h i e l d  i s  c l e a r l y  

i n d i c a t e d .  

The uppcr l i m i t  - /-ray spectrum from t h e  q u i e t  sun a s  observed a t  t h e  

e a r t h .  Observat ions i n  t h i s  experiment  a r e  compared w i t h  those  from 

t h e  OSO-I ,  t h e  Ranger se r ies ,  and r e c e n t  r o c k e t  measurements a t  lower 

ciiergy. The e a r l i e r  o b s e r v a t i o n s  i n  t h e  Mev range  a r e  uncorrec ted  f o r  

e f f i c i e n c y .  Gamma-rays above about 10 kev must c l e a r l y  have a non- 

thermal  o r i g i n .  

(hinparison of upper  l i m i t s  on t h e  Crab Nebula ob ta ined  by t h i s  e x p e r i -  

ment w i th  upper l i m i t s  and f l u x e s  measured by C la rk  (1965) and NRL 

(Bowyer e t  a l ,  1964).  Our  upper l i m i t s  a r e  uncor rec t ed  f o r  e f f i c i e n c y .  

Spec t r a  of a tmospheric  v- rays  a s  determined i n  t h i s  exper iment ,  com- 

pared w i t h  a prev ious  measurement a t  t h e  same l o c a t i o n .  S ince  t h e  

main coun te r s  had n e a r l y  t h e  same geometry,  t h e  d i f f e r e n c e  a t  h igh  

e n e r g i e s  m u s t  be  d u e  t o  background e f f e c t s  o r  leakage  through t h e  

s h i e l d  . 
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